Essential oil obtained by hydrodistillation from the air-dried leaves of Hyssopus officinalis L. (Lamiaceae) collected in Ajangbadi area, West of Lagos, Nigeria, was analyzed comprehensively for its constituents by means of gas chromatography (GC) and gas chromatography-mass spectrometry (GC-MS). The monoterpene hydrocarbons, α-pinene (70.9%) and β-pinene (10.9%) are the dominant constituents of the oil of H. officinalis. A cluster analysis was performed for comparison and characterization of H. officinalis essential oil from Nigeria with other oils reported in the literature from different locations across the world, and reveals chemical variation in this species with at least 8 different chemotypes. The compositional pattern of Nigerian oil sample was being reported for the first time and represents another chemotype of the oil of H. officinalis.
INTRODUCTION
Herb hyssop (Hyssopus officinalis L., family Lamiaceae) is a brightly coloured herbaceous plant of the genus Hyssopus native to Southern Europe, the Middle East, and the region surrounding the Caspian Sea. The plant is commonly used by beekeepers to produce rich and aromatic honey (Busari, 2006) . Herb hyssop leaves are used as an aromatic condiment. The leaves have a lightly bitter taste due to its tannins, and an intense minty aroma. Due to its intensity, it is used moderately in cooking. The herb is also used to flavor liqueur. As a medicinal herb, hyssop has soothing, expectorant, and cough suppressant properties (Wyk and Wink, 2004) . The α-glucosidase inhibitory activity of this plant has been attributed to the presence of (7S,8S)-syringoylglycerol-9-O-(6′-Ocinnamoyl)-β--glucopyranoside and (7S,8S)-syringoylglycerol 9-O-β--glucopyranoside (Matsuura et al., 2004) .
The present work provides information on the chemical constituents of Hyssopus officinalis grown in Nigeria, and furthermore to compare and contrast the Nigerian H. officinalis sample with chemotypes previously reported from other parts of the world. This is part of our extensive research aimed at the characterization of the chemical constituents and biological activities of Nigerian medicinal plants and herbs as they are made available (Ogunbinu et al., 2010 .
MATERIALS AND METHODS

Plant materials
The 
Isolation of the volatile oils
The air-dried plant sample was chopped and hydrodistilled for 4 h using a modified Clevenger-type apparatus. 700 g of the dried sample of the plant material were used for the hydrodistillation. The distilled oils were collected over water and stored in well capped bottles prior to analysis.
Gas chromatography (GC) and gas chromatograpgy-mass spectrometry (GC-MS) analysis
The gas chromatography (GC) and the gas chromatography-mass spectrometry analysis follow the patterns previously described (Ogunbinu et al., 2010; Ogunwande et al., 2010) .
Identification of the constituents of the oil
Identification of the constituents was based on comparison of the retention times with those of authentic samples, comparing their linear indices relative to the series of nhydrocarbons, and on computer matching against commercially available spectral (Adams, 2005) . Further identifications were also made possible by the use of self constructed spectral library built up from pure substances and components of known oils and MS literature data (Masada, 1975; Jennings and Shibamoto, 1980; Davies, 1990) . Moreover, the molecular weights of all the identified substances were confirmed by gas chromatography-chemical inonisation mass spectrometry, using methanol as CI ionizing gas.
Numerical cluster analysis
A cluster analysis was performed to determine the chemical relationships between the studied H. officinalis oil from Nigeria and the oils of this species reported in the literature from several other locations around the world. The 50 H. officinalis samples were treated as operational taxonomic units (OTUs). The percentage composition of eleven main essential oil components (pinocamphone, isopinocamphone, pinocarvone, germacrene D, limonene, methyl eugenol, 1,8-cineole, linalool, α-pinene, β-pinene and bicyclogermacrene) were used to determine the chemical relationships between the different H. officinalis leaf oil samples by cluster analysis using the NTSYSpc software, version 2.2 (Rohlf, 2005) . Correlation was selected as a measure of similarity, and the unweighed pair-group method with arithmetic average (UPGMA) was used for cluster definition.
RESULTS
The hydrodistilation procedure afforded pale yellow oil in a yield of 0.24% (v/w). The percentage composition of the oil of H. officinalis is given in Table 1 . Constituents were listed in order of elution from HP-5 capillary column. Sixty-three compounds were identified, accounting for 99.3% of total oil content. Monoterpenes (89.4%) constituted the bulk of the oil, highly represented by α-and β-pinene (70.9% and 10.9% respectively). Apart from limonene (2.7%) and α-campholenal (1.1%), all the other monoterpene compounds occurred in amount less than 1%. Sesquiterpene compounds were less common in the oil. β-Caryophyllene (2.7%), caryophyllene oxide (2.1%), viridiflorene (1.1%), α-guaiene (1.0%) and guaiol (1.0%) could be identified above 1%. It should be noted that compounds such as pinocarvone, pinocamphone and isopinocamphone that are widely reported as dominant constituents of the oils from other parts of the world, occurred in the Nigerian sample in less significant quantitieis. Sample A: isopinocamphone (53.12%), α-terpineol (7.4%), pinocamphone (4.7%) Sample B: isopinocamphone (24.87%), pinocamphone (14.41%), elemol (8.55%), β-pinene (7.81%) Nazari et al., 2008 pinocamphone (1.3-64.9%), isopinocamphone (5.8-59.9%), pinocarvone (0.1-16.9%), β-pinene (2.8-13.2%) Chalchat et al., 2001 pinocamphone (4.4%), isopinocamphone (43.3%), limonene (12.2%) and β-pinene (11.1%) Mazzanti et al., 1998 pinocamphone (49.1%), β-pinene (18.4%), isopinocamphone (9.7%) Garg et al., 1999 1,8-cineole (48.2 and 39 .6%), isopinocamphone (16.3 and 28.0%), β-pinene (11.4 and 9.4%) Tsankova et al., 1993 a pinocamphone (34% and 18.5%), isopinocamphone (3.2% and 29%) and β-pinene (10.5% and 10.8%), linalool (0.2% and 7.9%) and camphor (0.3% and 5.3%) Fraternale et al., 2004 pinocarvone (36.3%), pinocamphone (19.6%), β-pinene (10.6%), 1,8-cineole (7.2%) and isopinocamphone (5.3%) 
